Implementation of support for Monte Carlo lattice code SERPENT 2 in GenPMAXS by Däubler, M. & Sanchez, V.
KIT – Universität des Landes Baden-Württemberg und 
nationales Forschungszentrum in der Helmholtz-Gemeinschaft 
Institute for Neutron Physics and Reactor Technology (INR) 
Reactor Physics and Dynamic Group (RPD) 
www.kit.edu 
Implementation of support for Monte Carlo lattice code SERPENT 2 in 
GenPMAXS 
M. Daeubler, V. Sanchez 
 




• Few-group effective cross sections 
• GenPMAXS 
• Serpent 2 
 
 GenPMAXS processing features for Serpent 2 
• Few-group cross sections 
• 1D (reflector) assembly discontinuity factors 
• Group-wise form functions 
 
 Selected verification cases 
  
 Availability 




• Few-group effective cross sections 
• GenPMAXS 
• Serpent 2 
 
 GenPMAXS processing features for Serpent 2 
• Few-group cross sections 
• 1D (reflector) assembly discontinuity factors 
• Group-wise form functions 
 
 Selected verification cases 
  
 Availability 
| KIT CN | INR | V. Sanchez |  Fall CAMP Meeting Nov. 6-8, 2013 
4 29.10.2013 
Few-group effective cross sections (1/2) 
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Few-group effective cross sections (2/2) 
 Multi-group time-dependent diffusion equation 
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 Few-group cross sections parameterized by thermal-hydraulic states in 
multidimensionable tables 
 
 Cross sections interpolated from multi-dimensional table 
 
 Infinite lattice calculations for each fuel assembly type typically lead to sub- 
or over-critical system  B1 approximation, critical spectrum correction 
 
 Local information may be restored from coarse mesh results using pin 
power reconstruction 
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GenPMAXS 
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Overview of GenPMAXS/PARCS/TRACE code system(1) 
(1) Figure taken from: T. Downar et al., GenPMAXS v 6.1.1 - Code for Generating the PARCS Cross Section Interface File PMAXS, January 2013  
7 29.10.2013 
Lattice code Serpent(2) 
 Developed by VTT Technical Research Center of Finland 
 
 Continuous energy (CE) Monte Carlo (MC) code with built-in burn-up 
calculation capability especially designed to generate few-group XS for 
deterministic reactor simulators (e.g. PARCS) 
 
 Significantly faster than other MC codes (up 60 times faster than MCNP(3))  
• Combination of Woodcock delta-tracking and typical surface-to-surface ray 
tracing 
• Use of unionized energy grid for point-wise cross sections  
 
 2D fuel lattice, 3D fuel lattice and 3D full core calculations 
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(2) J. Leppänen, Serpent – a Continuous-energy Monte Carlo Reactor Physics Burnup Calculation Code, VTT Technical Research Centre of 
Finland, March 6 (2013) 
(3) http://virtual.vtt.fi/virtual/montecarlo/validation/lattice_calculations/ 
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Serpent 1 release vs. Serpent 2 beta 
 Serpent 2 unlike Serpent 1 can produce full set of few-group constants 
based on a leakage corrected critical spectrum (B1 approximation) 
 
 The ADF card new in Serpent 2 can provide all information necessary for 
discontinuity factor computation, Serpent 1 cannot tally scalar quantities on 
surfaces 
 
 ASCII output structure changed from Serpent 1 to Serpent 2 
 
 Serpent 2 beta is hybrid parallel, significantly reducing memory demand for 
large models 
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Introduce Serpent 2 support based on existing Serpent 1 
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Few-group cross section libraries 
 Serpent 2 output processing based on Serpent 1.1.17 support in 
GenPMAXS 
 
 GenPMAXS:  SRC_kind variable of the %DAT_SRC input card set to 10 
 
 GenPMAXS automatically distinguishes infinite spectrum and critical 
spectrum few-group constants 
 
 Unlike Serpent 1 support:  
Full B1 corrected XS set, reflector ADF, 1D interface discontinuity factors 
(IDF) for fuel assemblies adjacent to reflectors and group-wise form 
functions can be processed 
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1D (reflector) assembly discontinuity factors (1/2) 
 Serpent 2 ADF card:    set adf <universe> <surface> <bc>  
 
 GenPMAXS: all features of %ADF_1D card available for Serpent 2 
 
%ADF_1D 
A1DKERN, A1DNF, A1DNR 
thick (1: A1DNF+A1DNR) 









ADF card ADF card 
12 29.10.2013 
1D (reflector) assembly discontinuity factors (1/2) 









 Solve 1D diffusion equation with 𝐽 𝑠ℎ𝑒𝑡 and 𝜙 𝑠ℎ𝑒𝑡 as boundary condition 
−𝐷𝑔




𝑖 𝑢 + 𝛴𝑅
𝑖𝛷𝑔
𝑖 𝑢 = 𝑆𝑔,𝑖 𝑢  
 
 For consistency with PARCS spatial discretization use A1DKERN variable 
to choose method (e.g. NEM) 




ADF card ADF card 
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Group-wise form functions 
 Serpent 2 PPW card:  set ppw <universe> <lattice> 
(to be available with official release of Serpent 2.1.16) 
 
 GenPMAXS: set lgff parameter to true on %JOB_OPT card 
 




PITCH XBE YBE NPART NROWA NCOLA 
 
• PITCH: pin pitch of fuel assembly 
• XBE: distance of corner fuel pin from boundary in direction x 
• YBE: distance of corner fuel pin from boundary in direction y 
• NPART: part of fuel assembly modelled, e.g. NPART=0 full assembly 
• NROWA: number of fuel pin rows 
• NCOLA: number of fuel pin columns 
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Few-group cross section libraries (1/2) 
 3 selected PWR MOX/UOX benchmark fuel assemblies (4) 
 
 Serpent 2:  100,000,000 histories in 500 active cycles 
  2g, 4g and 8g cross sections, conservative BC 
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(4) T. Kozlowski and T. J. Downar, OECD/NEA AND U.S. NRC PWR MOX/𝑈𝑂2 CORE TRANSIENT BENCHMARK – Final Specification, OECD 
Nuclear Energy Agency/Nuclear Science Committee (2003) 
MOX WABA 37.5 GWd/tU UOX 0.15 GWd/tU UOX CR 0.15 GWd/tU 
16 29.10.2013 
Few-group cross section libraries (2/2) 
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PARCS achieves acceptable accuracy, GenPMAXS 
















± 0.000043   
0.849114
± 0.000041   
0.963678
± 0.000043   
PARCS v3.0 
diffusion 2g 
1.124272 -0.8 0.849126 1.2 0.963674 -0.4 
PARCS v3.0 
diffusion 4g 
1.124269 -1.1 0.849129 1.5 0.963675 -0.3 
PARCS v3.0 
diffusion 8g 
1.124267 -1.3 0.849130 1.6 0.963677 -0.1 
PARCS v3.0 
SP3 2g 
1.124272 -0.8 0.849126 1.2 0.963674 -0.4 
PARCS v3.0 
SP3 4g 
1.124269 -1.1 0.849129 1.5 0.963675 -0.3 
PARCS v3.0 
SP3 8g 
1.124267 -1.3 0.849130 1.6 0.963677 -0.1 
17 29.10.2013 
Reflector assembly discontinuity factors 
 Serpent 2:   100,000,000 histories in 500 active cycles 
    2g cross sections (0.625 eV boundary)  
 GenPMAXS:  A1DKERN = NONE 





Reflector ADF GenPMAXS createXSlib Rel. Diff. 
ADF1 1.14620 1.14620 0.0 
ADF2 0.93430 0.93430 0.0 
18 29.10.2013 
Pin power reconstruction – case 1 (1/2) 
 Serpent 2:    100,000,000 histories in 500 active cycles 
    2g cross sections (0.625 eV boundary) 
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Code 𝒌𝒊𝒏𝒇 Rel. Diff. [pcm] 
Serpent 2 CE 1.124230±0.00005 - 
PARCS 2g NEM 1.1242304 0.04 
UOX 0.15 GWd/tU 
19 29.10.2013 
Pin power reconstruction – case 1 (2/2) 
                                PARCS pin power reconstruction  
                                relationship for pin cell i: 
                                 
                                 𝑝𝑝𝑖𝑛,𝑖 =  𝜅 Σ𝑓𝑔𝑔  Φ𝑔 𝑓𝑔,𝑖 
 
                                                                Φ𝑔,𝑖 
                                  
                                 Serpent 2 pin power relationship for pin        
                                 cell i: 
 
                                 𝑝𝑝𝑖𝑛,𝑖 =   𝜅𝑖 Σ𝑓𝑔,𝑖  Φ𝑔,𝑖  𝑔  
                                          = 𝜅𝑖  Σ𝑓,𝑖  Φ𝑖 
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Relative pin power errors PARCS vs. Serpent 2 in per cent 
20 29.10.2013 
Pin power reconstruction – case 2 (1/3) 




Fuel assemblies design based on AREVA fuel for KONVOI PWR 
MOX, 0.0 GWd/tU 
1.45 wt%  
up to 2 wt% Pu 
UOX, 0.0 GWd/tU 
1.8 wt% 





Pin power reconstruction – case 2 (2/3) 
 Serpent 2:    2,000,000,000 histories in 500 active cycles 
    2g cross sections (0.625 eV boundary) 
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Code 𝒌𝒊𝒏𝒇 Rel. Diff. [pcm] 
Serpent 2 CE 0.961211±0.00003 - 




























Normalized nodal powers as predicted by Serpent 2 and PARCS 
 
Serpent 2 CE 
PARCS 2g 
Rel. Diff. [%] 
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Pin power reconstruction – case 2 (3/3) 
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Availability of extended GenPMAXS 
 Cooperation with GenPMAXS developers 
 
 Serpent 2 support expected to be available with GenPMAXS v6.2 release 
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